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ABSTRACT 
 
The study evaluated the existing tree vegetation in Bara locality as a part of 
Gum Arabic belt, with special reference to A. senegal.   For sampling 
purposes, the locality was divided into four divisions and two villages were 
taken randomly from each division. A vegetation survey was carried out 
around each village to identify tree species, density of each species, mode of 
regeneration and age A.senegal trees.  Social surveys were conducted 
simultaneously in each village to obtain peoples perception about tree 
species, changes that occurred in the past forty years and methods for 
rehabilitation of the Gum Belt. The results of the vegetation survey showed 
that the same tree species in Bara Locality were maintained while changes in 
relative densities were observed especially for A. senegal, which decreased 
to 2% from the reported 31% in 1995.  The prevalent tree species in Bara 
area were Acacia tortilis followed by Leptodenia pyrotechnica, Calotrpis 
procera, Balanites egyptiaca, Fidherbia albida, Ziziphus spinachristi and 
A.senegal.  The most common mode of Acacia senegal regeneration was 
natural regeneration by seeds.   The social survey concurred with the 
vegetation survey and indicated a drop in A. senegal density.  Drought and 
desertification were cited as major factors for the drop, followed by cutting, 
pests, over grazing and fires consecutively.  Also, the social survey showed 
that there is a drop in the area of gum gardens, lower productivity of Gum 
Arabic, and substantial drop in productivity of agricultural crops. The study 
recommended plantation of A. senegal so as to increase its density, and to 
raise the awareness of local people on its environmental benefits. 
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 اﻟﺨﻼﺻﺔ
  
ﻟﻌﺭﺒﻰ،  ﺍﻟﺩﺭﺍﺴﺔ ﺍﻷﻨﻭﺍﻉ ﺍﻟﺸﺠﺭﻴﺔ ﺍﻟﻤﻭﺠﻭﺩﺓ ﺒﻤﺤﻠﻴﺔ ﺒﺎﺭﺍ ﻜﺠﺯﺀ ﻤﻥ ﺤﺯﺍﻡ ﺍﻟﺼﻤﻎ ﺍﺤﺼﺭﺕ
 ﺘﻡ ﺇﺨﺘﻴﺎﺭ ﻗﺭﻴﺘﻴﻥ ﻤﻥ ﻜل  ﻭ ﺃﺠﺯﺍﺀ ﺘﻡ ﺘﻘﺴﻴﻡ ﺍﻟﻤﻨﻁﻘﺔ ﺇﻟﻰ ﺃﺭﺒﻌﺔ. ﺒﺎﻟﺘﺭﻜﻴﺯ ﻋﻠﻰ ﺃﺸﺠﺎﺭ ﺍﻟﻬﺸﺎﺏ
ﻋﻠﻰ ﺍﻷﻨﻭﺍﻉ ﺍﻟﺸﺠﺭﻴﺔ ، ﻜﺜﺎﻓﺔ ﻜل ﻡ ﻤﺴﺢ ﺍﻟﻐﻁﺎﺀ ﺍﻟﺸﺠﺭﻯ ﺤﻭل ﺍﻟﻘﺭﻯ ﻟﻠﺘﻌﺭﻑ ﺘ. ﺠﺯﺀ ﻋﺸﻭﺍﺌﻴﺎ
ﻋﻰ  ﻭﻓﻰ ﻨﻔﺱ ﺍﻟﻭﻗﺕ ﺘﻡ ﺇﺠﺭﺍﺀ ﻤﺴﺢ ﺇﺠﺘﻤﺎ. ﻭ ﻋﻤﺭ ﻫﺫﻩ ﺍﻻﺸﺠﺎﺭﻨﻭﻉ ﻭ ﻨﻅﺎﻡ ﺘﻜﺎﺜﺭ ﺃﺸﺠﺎﺭ ﺍﻟﻬﺸﺎﺏ
 ﻓﻰ ﺍﻟﺘﻐﻴﻴﺭ ﺍﻟﺫﻯ ﺤﺩﺙ،  ﺍﻟﺸﺠﺭﻴﺔﺍﻷﻨﻭﺍﻉ ﺤﻭلﻓﻰ ﻜل ﻗﺭﻴﺔ ﺒﻐﺭﺽ ﻤﻌﺭﻓﺔ ﻭﺠﻬﺔ ﻨﻅﺭ ﺍﻟﻤﻭﺍﻁﻨﻴﻥ 
  .ﺤﺯﺍﻡ ﺍﻟﺼﻤﻎ ﺍﻟﻌﺭﺒﻰﺍﻷﺭﺒﻌﺔ ﻋﻘﻭﺩ ﺍﻷﺨﻴﺭﺓ ﻭﻁﺭﻕ ﺇﻋﺎﺩﺓ ﺘﻌﻤﻴﺭ 
ﺍﻟﺸﺠﺭﻴﺔ ﻤﻥ ﺤﻴﺙ ﺍﻟﻨﻭﻉ ﻭﻟﻜﻥ  ﺍﻟﺘﺭﻜﻴﺒﻪﺃﻅﻬﺭﺕ ﻨﺘﺎﺌﺞ ﻤﺴﺢ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻰ ﻋﺩﻡ ﻭﺠﻭﺩ ﺘﻐﻴﻴﺭ ﻓﻰ 
ﻤﺎ ﻋ % 2ﺼﺔ ﺃﺸﺠﺎﺭ ﺍﻟﻬﺸﺎﺏ ﺤﻴﺙ ﺘﻨﺎﻗﺼﺕ ﻨﺴﺒﺔ ﺍﻟﻬﺸﺎﺏ ﺇﻟﻰ ﻫﻨﺎﻙ ﺘﻐﻴﻴﺭ ﻓﻰ ﻜﺜﺎﻓﺔ ﺍﻷﻨﻭﺍﻉ ﺨﺎ
 ﺍﻷﻨﻭﺍﻉ ﺍﻟﺸﺠﺭﻴﺔ ﺍﻟﺴﺎﺌﺩﺓ ﻓﻰ ﺒﺎﺭﺍ ﻫﻰ ﺍﻟﺴﻴﺎل،  ﻭﺍﺘﻀﺢ ﺍﻥ.5991 ﻓﻰ ﻋﺎﻡ (%13)ﻜﺎﻨﺕ ﻋﻠﻴﻪ 
ﻜﻤﺎ ﺃﻥ ﻨﻅﺎﻡ ﺘﻜﺎﺜﺭ ﺃﺸﺠﺎﺭ ﺍﻟﻬﺸﺎﺏ ﻫﻭ ﺍﻟﺘﻜﺎﺜﺭ  .ﺍﻟﻤﺭﺥ، ﺍﻟﻌﺸﺭ، ﺍﻟﻬﺠﻠﻴﺞ، ﺍﻟﺤﺭﺍﺯ، ﺍﻟﺴﺩﺭ ﻭﺍﻟﻬﺸﺎﺏ
  .ﺍﻟﻁﺒﻴﻌﻰ ﺒﺎﻟﺒﺫﻭﺭ
ﻹﺠﺘﻤﺎﻋﻰ ﺃﻥ ﻫﻨﺎﻟﻙ ﺘﻨﺎﻗﺹ ﻓﻰ ﻜﺜﺎﻓﺔ ﺃﺸﺠﺎﺭ ﺍﻟﻬﺸﺎﺏ، ﻜﻤﺎ ﺃﻥ ﺍﻟﺠﻔﺎﻑ ﺃﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺍﻟﻤﺴﺢ ﺍ
ﻜﺫﻟﻙ .  ﻭﺍﻟﺤﺭﺍﺌﻕ ، ﺍﻟﺭﻋﻲ ﺍﻟﺠﺎﺌﺭ، ﺍﻻﻓﺎﺕﻜﺒﺭ ﻤﺴﺒﺒﺎﺕ ﺍﻟﻨﻘﺼﺎﻥ ﻴﻠﻴﻬﻤﺎ ﺍﻟﻘﻁﻊﻭﺍﻟﺘﺼﺤﺭ ﻫﻤﺎ ﻤﻥ ﺃ
ﺃﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺍﻟﻤﺴﺢ ﻨﻘﺼﺎﻥ ﻓﻰ ﻤﺴﺎﺤﺎﺕ ﺠﻨﺎﺌﻥ ﺍﻟﻬﺸﺎﺏ ﻭﺇﻨﺘﺎﺠﻴﺔ ﺍﻟﺼﻤﻎ ﺍﻟﻌﺭﺒﻰ ﻭﺍﻟﻤﺤﺎﺼﻴل 
  .ﺍﻟﺯﺭﺍﻋﻴﺔ
 ﻔﻭﺍﺌـﺩ ﺍﻟﺒﻴﺌﻴـﺔ ﺤﻭل ﺍﻟ ﻭﺘﻭﻋﻴﺔ ﺍﻟﻤﻭﺍﻁﻥ ﺘﻬﺎ ﺍﻉ ﺃﺸﺠﺎﺭ ﺍﻟﻬﺸﺎﺏ ﻟﺯﻴﺎﺩﺓ ﻜﺜﺎﻓ ﻭﺃﻭﺼﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺈﺴﺘﺯﺭ 
    .ﻟﻠﺸﺠﺭﺓ
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CHAPTER ONE 
INTRODUCTION 
1.1 General 
Forests in the Sudan cover about 29. 64 % (74.1 million hectares) of the total 
area of the country (FNC, 2004). They are ranging from savannah 
woodlands in the north to gallery forests in the mountains and the southern 
part of the Sudan. Forests play an important role in the Sudanese welfare, in 
conserving the environment and the development of the country’s national 
economy. 
The forests in Sudan and semi-arid Africa are disappearing at a rapid rate, 
because of many factors, among which is the need for new agricultural land 
and, to some extent, and for fuel wood, very little has been done with respect 
to utilization, conservation and the management of these forests for 
sustained and improved yield (Fries, 1992). 
The forests of North Kordofan state are important to rural people as they 
provide fuel, food, fodder and other essential goods and services. As well, 
forests and forest products provide an important source of income and 
employment opportunities for the rural communities. Furthermore, forests 
and trees have their vital effects that can be indicated in the structure and 
function of the traditional, social and cultural systems in the state. Forestry 
activities are locally practiced mainly for the supply of fuel wood and 
construction material for local and commercial purposes (Eldwwari and 
Taha, 2007). 
The ecologically adapted traditional systems and practices of land use 
existing in North Kordofan State are under severe stress by the rapid socio-
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economic changes; Population pressure accompanied with over-exploitation 
of forest resources, over-cultivation of both cash and food crops, in addition 
to over-grazing, which have negative impacts in terms of resource 
degradation (IFPRI, 2007). 
Acacia species are grown as part of agro-silvo-pastoral system that has 
persisted for more than a hundred years in Kordofan state (Awouda, 1989).  
The recent droughts had affected the gum gardens of Northern Kordofan and 
led to the breakdown of the gum Acacia agroforestry system, reduced gum 
production and threatened the stability of the agricultural soils (Khalid, 
1985).   In addition, the region has enormous animal wealth, supporting up 
to about 20 million heads of cattle, sheep, camels and goats (Awouda, 1989). 
Gumbelt covers the sandy plains of north Kordofan and contributes 
positively in the production of Gum Arabic in the Sudan, The belt area is 
predominantly government land that is utilized under equally varied titles, 
privilege, lease and other tenure systems. A negligible portion is registered 
in private ownership (Taha, 2000). Acacia senegal (Hashab) is considerd as 
an important species in the gum belt and as a national wealth.  Accordingly, 
there is a need to know distribution of Hashab trees and the extent of the 
gum belt as a step towards conserving and improve them as emphasized by 
Fadel Elmola (2003). 
1.2 The Gum Arabic Belt  
1.2.1 Geographical and Ecological delineation  
The gum arabic-yielding acacias grow in the gum belt of Sub-Saharan 
Africa (Wickens et al., 1995).  In Sudan the gum belt denotes the area of 
Central Sudan between latitudes 9 and 15° north together with minor 
protrusions (Fadel Elmola, 2003). The gum belt is estimated to cover 
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520,000 square kilometers (52 million hectares), which is roughly one-fifth 
the area of the country.  It spans over five states: Eastern, Central, Kordofan, 
Darfur and the Blue Nile in addition to the Upper Nile State.  It covers parts 
of the clay and sandy plains. The clay plains are found in South Kassala, 
South Blue Nile, South White Nile, Northern Upper Nile and South 
Kordofan. The sandy plains dominate in North Kordofan, West Kordofan 
and Darfur state.  In Darfur region, the gum belt is represented in the Acacia 
senegal savannah and in the Combretum/Dalbergia/Albizzia savannah. In 
addition, it is found in Kordofan state in the Acacia seyal/Balanites 
savannah. In the Central, Eastern and the Blue Nile States as well as in the 
Upper Nile State, it occurs largely in the Acacia seyal/Balanites savannah 
and in parts of Acacia mellifera thorn lands. Ecologically the gum belt 
covers most of the lowland savannah of Sudan with its subdivisions, low 
rainfall woodland savannah, on clay, sandy and special areas Andrews 
(1948) and Harrison & Jackson (1958).  
In spite of the environmental changes that affected most parts of the gum 
belt, the basic distribution of vegetation cover as described by Harrison and 
Jackson (1958) is much the same, but the densities of plant species have 
been greatly altered, and mostly reduced, (Taha, 2000). However, none of 
the common tree or herbaceous species has completely disappeared. 
Gum producing Acacias, namely Hashab (Acacia senegal) and Talh (Acacia 
seyal) occur in gum belt as components of six plant communities within the 
sub zones of woodland savannah. These are fully described after Andrews 
(1948) and Harrison & Jackson (1958) and summarized by IIES/IES (1990) 
and Chikamai (1996) as follows: 
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i. Acacia mellifera thornland on dark cracking clays alternating with 
grass areas, and Acacia mellifera thorn land on hill soils formed in 
situ. 
ii. Acacia seyal-Balanites savannah alternating with grass areas. 
iii. Acacia senegal savannah. 
iv. Combretum cordofanum-Dalbergia-Albizzia Sericocephala savannah 
woodland. 
v. Terminalia-Sclerocarya-Anogeissus-Prosopis savannah woodland. 
vi. Baggara Repeating Pattern: Patches of Acacia seyal, Acacia mellifera 
and in some areas Tamarindus indica (Aradeib), Anogeissus and Ficus 
species; it is locally known as Baggara Repeating Pattern. 
1.2.2 Importance of the Gum Belt 
Besides accommodating one-fifth of the population of Sudan and two-thirds 
of its livestock population, the gum belt is of immense agricultural 
importance to the country (IIES/IES, 1990).  
The forest resources in the gum belt add to the role of the belt area in the 
economy and well being of Sudan. The importance of forestry to the area is 
brought about by ecological, economic and geographical considerations. 
Ecologically many tree species exist in intimate associations in the gum belt. 
In this respect A. senegal  in association with the other tree species 
contributes to the economic activities in the belt area. The overall effects of 
trees existing in the gum belt area are complementary. Fuel wood (firewood 
and charcoal), sown timber, building poles, gum arabic, environmental 
benefits, livestock and agricultural products are items of utmost national 
importance.  
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The gum belt is also important because of its geographical position. It lies 
directly south of densely populated and wood-deficit states: Gezira, 
Khartoum, Nile, Northern and Red Sea. The wood requirements of these 
states, which are largely derived from the belt area, are enormous and need 
to be sustained. Moreover, the gum belt is the first and last defense line 
protecting the agricultural and livestock production areas to the south of it, 
against imminent encroachment by the Sahara Desert (Taha, 2000). 
1.3 Justification for selecting the study area 
Bara Locality is considered as one of the most vulnerable areas with regard 
to environmental imbalance, land degradation and food insecurity. 
Accordingly there is a need to investigate the changes in the gum belt within 
Bara Locality, the causes of change and the level and degree of such factors 
causing the changes. Therefore, afforestation and reforestation of degraded 
lands of the locality using suitable tree species (i.e. Acacia senegal) are 
envisaged as appropriate means to overcome the problem of change, in 
addition to achievement of other expected direct and indirect socio-
economic benefits. 
1.4 Problem Statement 
Ecosystem change in Bara locality, North Kordofan State, as representation 
of the gum belt, exhibits itself in form of soil and plant cover degradation 
(Abdelnasir 2003). The situation is complicated by erratic and unevenly 
distributed rainfall, which is considered as one of the most serious 
challenges facing the state (Abdelnasir 2003). Also, the decreasing amount 
of rainfall in Bara in 1970s and 1980s to 129 mm and 74 mm respectively, 
may had encouraged the growth of some tree species and inhibit the growth 
of others (IFAD, 2004).  Bayoumi, (1995) emphasized that the drought in 
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Bara Locality had resulted in deterioration of hashab garden and death of old 
Hashab tree and gum production was decreased to 70-30% during the years 
of 1973-84.  Abdelnasir  (2003) stated that “Acacia senegal tree in Bara area 
had decreased sharply in most of the areas due to over cultivation and over 
grazing and other species are taking over due to favorable condition”.  
Observations by forester officers indicated that tree composition in Bara 
Locality has changed to Calotropics procera, Leptodenia Pyrotechnica and 
Acacia tortilis in plase of Acacia senegal stands.   
Population in North Kordofan state is growing at an increasing rate (Khairy, 
2007), thus increasing the pressure on vegetation cover.  Abdelnasir (2003) 
emphasized the role of human activities such as deliberate tree felling, over-
grazing, irrational expansion in areas for agricultural production and 
urbanization on changes in tree density and composition.  
Accordingly, Hashab density had decreased in Bara area with advancement 
of other species causing a form of retrogression as indicated namely by the 
invasion of Calotropis procera. 
1.5 Objectives 
The main objective is to test the hypotheses that the gum belt in Bara 
locality has experienced changes in tree species and density in the past years, 
with emphasis on A.senegal.    
The specific objectives are: 
1-   To identify present tree species and determine their relative density.  
2- To determine age of A. senegal trees and their mode of regeneration  
3- To identify and rank the factors responsible for the changes from people 
perception and their consequences.  
 7
4- To identify the methods that will lead to increase Acacia Senegal density 
from people perception  
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 General 
The Gum Belt runs half way along the North and South States of both grater 
Kordofan and Darfur. It produces about 90% of Sudan's total gum yield, 
with Kordofan alone furnishing more than 70% of the total Gum Arabic 
production (Awouda, 1989).  The main areas of distribution of Acacia 
senegal (gum Hashab, Alloba, gum arabic) trees are the sandy areas of 
kordofan and Darfur, and it occurs as pure stands over extensive area in 
Kordofan (Badi et al. 1989).  The species distribution is relatively uniform, 
and the trees are found in pure stands (Jamal, 1987).  The acacias are the 
most common trees in Bara Locality and, of these, the most valuable for 
rural communities is Acacia senegal tree (Jamal, 1987), which is the 
dominant tree species (Abdelnasir, 2003).   
The vegetation of the Sudan was affected by man activities and changes in 
land uses. Vast areas covered with acacias had disappeared due to 
cultivation, grazing, felling of trees and natural causes. Desertification, 
drought and socioeconomic factors have contributed to change in densities 
and distribution of tree species in the gum belt particularly affecting hashab 
trees (El Khalifa et al. 1989 a). Thus the Gum Belt boundaries are not 
definite though they can be accepted as known boundaries for the 
distribution of A. senegal (Fadel Elmola, 2003).  
2.2 Vegetation change in Bara 
During the last three decades, North Kordofan has experienced catastrophic 
and frequent droughts with far-reaching consequences on agricultural and 
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pastoral system, regional economy, traditional family livelihood and 
environment (Khairy, 2007). A severe drought is defined as covering two or 
more consecutive years in which rainfall is below the drought threshold. 
Severe droughts have occurred twice in the Bara Locality (Khairy, 2007).   
The variability of annual rainfall in this region results in drastic changes in 
vegetation covers and thus contributes to desertification processes (Khairy, 
2007). The droughts of the 1970s triggered short cycles of famine in Bara, 
and affected vulnerable farmers in the traditional rain-fed sector in Bara.  
Interpretation of Satellite images by Khairy, (2007) showed noticeable and 
significant decrease in vegetation fraction in Bara Locality in 1976, 1988 
and 2003. This leading to desertification due to reduction of the total 
vegetation cover and exposure of bare sandy soils. The results emphasized 
the phenomena of sand encroachment from the north to the south following 
the wind direction in the addressed periods. Increasing of sand encroachment 
during the dry season is mainly attributed to increasing of wind speed in the 
study area (Khairy, 2007). 
In general the drought periods in Bara Locality result in deterioration of 
hashab garden and gum production decrease during the period of 1973 and 
1984 (Bayoumi, 1995). Also, Jamal (1987) reported deterioration of the gum 
Garden from Bara, E1 Mazroub, and E1 Khuwei and up to E1obeid.  
Personal communications, with people familiar with North Kordofan, 
revealed that Bara Locality has been invaded by Calotropics prosera, 
Leptodenia Pyrotechnica and Acacia tortilis in replacement of A. senegal 
stands. Also, Abdelnasir (2003) indicated sharp decrease in A. senegal 
density in Bara Locality due to over cultivation and over grazing that 
encouraged other less demanding species to take over. 
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2.2.1 Vegetation change measurement 
Vegetation change can be measured by remote sensing applications by 
comparing satellite images taken for the same place at different periods 
(khairy, 2007). Also Fadel Elmola (2003), reported that a large scale 
inventory or small scale inventory can be used to assess vegetation cover.  
(Jamal, 1987), stated that the questionnaire and focus group discussion also 
can be used in measuring vegetation change. Hinton (1995) has advocated 
the advantage of random sampling from populations. 
2.3 National forest inventory 
The detailed national forest inventory between 1995-1997 for the forest tree 
species between latitude 90-160 provided a baseline for the actual distribution 
of A. senegal in the gum belt. Fadel Elmola, (2003) reported that the 
percentage of A. senegal trees in Bara locality was 31% and other tree 
species 69%.  
2.4 Degradation of vegetation cover 
Vegetation degradation refers to quantitative and/ or qualitative reduction in 
vegetation from human induced activities and climatic variation such as 
severe prolonged droughts under poor land resources management (Mustafa, 
2007). North Kordofan as a representation of arid and semi-arid land has 
been affected by these factors. 
2.4.1 Causes of vegetation degradation 
2.4.1.1 Adverse climatic variations 
A comprehensive critical review of the desertification-climate interactions is 
presented by Williams and Balling (1996). Arid, semi-arid and dry sub-
humid climate cover 39.9% of the land areas of the world or 11% of the 
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entire globe (UNEP, 1992). The climate of arid and semi-arid lands is highly 
variable, particularly in rainfall. Low and erratic variation of rainfall is a 
characteristic of dry lands, which have no particular rainfall distribution 
pattern (Loockwood, 1988; Hatfield, 1990).  High aridity is an adverse 
climatic condition that creates fragile ecosystem, which can easily be upset 
by adverse human activities. The spatial and temporal variation of rain fall 
determines the density and composition of the vegetation (Hodgkinson, 
1992; Coppock, 1993). 
2.4.2 Adverse Human activities 
In the arid and semi–arid zones in developing countries, like Sudan, the 
relatively poor population in the rural areas seeks sustenance from the 
natural resources of their fragile ecosystems. They cultivate marginal lands 
for growing their stable food, cut wood for fuel and building and graze their 
herd around the village and at water points. These activities cause 
degradation of the land, which is steadily accelerated due to increasing 
human and livestock pressures. These inevitable adverse activities prompted 
by the poverty of the local communities accentuate desertification, more 
poverty, and more reliance on the fragile ecosystems; thus completing a 
poverty vicious circle (Mustafa, 2007).  
2.4.2.1 Cultivation of marginal lands 
In Kordofan and Darfur in western Sudan, cultivation of marginal lands 
(traditional farming) exhausts soil organic matter, reduces soil fertility, and 
enhances soil erosion (Mustafa, 2007). The establishment of large – scale 
mechanized farms in the 1940s necessitated the removal of natural 
vegetation and exposed land to both wind and water erosion. Wind erosion is 
more severe during the dry periods (off season) (Mustafa, 2007).     
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In the gum belt, the bush fallow rotational system, which is relatively more 
sustainable, was abandoned due to increased population and needs for 
growing food crops. Its abandonment in some area enhanced loss of fertility 
exposure of the land to wind erosion and desertification (Mustafa, 2003). 
2.4.2.2 Overgrazing  
Overgrazing became widespread and acute in Kordofan during the past few 
decades, due to the rapid increase in livestock, the forty fold increase from 
1957 to 1990 has broken down the dynamic equilibrium that once existed 
between livestock and the natural grazing resources; this led to rapid 
stripping of the vegetative cover and increased wind and water erosion with 
consequent reduction in livestock carrying capacity of the land and 
eventually desertification (Mustafa, 2007). 
Camels and goats seem to have a special preference for browsing A. Senegal.  
On the other hand sheep and cattle are predominantly grazers and they keep 
the ground vegetation down, reducing or even eliminating fire hazards, 
which greatly improves the hashab trees chances of survival (Elkhalifa et al. 
1998 b). 
2.4.2.3 Wood cutting  
The cutting of wood by cultivators and pastoralists is one of the main 
adverse human activities that causes vegetation degradation in the Sudan, 
deforestation and overexploitation accounts, respectively, for about 18.7% 
and 12.7% of the degraded land in Sudan (Mustafa, 2007). Hashab in 
Kordofan is favored for building houses, as fuelwood and for charcoal 
making. In the clay plains of eastern and central Sudan, large areas of hashab 
forest were completely clear-felled for mechanized farming. This has 
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seriously reduced the growing stock in both the Blue Nile and Kassala 
province and, more recently in Kordofan as well (Elkhalifa et al. 1998 b). 
2.4.2.4 Fires 
Hashab is susceptible to fire damage, especially in the higher rainfall areas 
where grasses are dense and tall. Estimates of bush fire damage made by the 
range and pastures administration ranges between 10% in the dry areas to 
about 60% in the tall grass savannah areas. Fire does not only damage live 
trees but also destroys substantial amount of seeds that have fallen on the 
ground, also fire induces remarkable change in the botanical composition of 
the predominant vegetation formations and individual plants communities 
(Elkhalifa et al. 1998 b).   
2.5 Pests  
A. senegal trees are chronically attacked by swarms of migrating locust in 
the dry season, and it is during the gregarious phase that gregarisable species 
represent the greatest danger to acacias (Pastre et al., 1988).  The tree locust 
Anacridium melanorhodon melanorhodon Wlk causes defoliation of the 
gum tree through feeding, and this result in reduction in photosynthesis and 
carbohydrates, resulting in low gum production (Elbashier, 1982). 
Termites are a secondary pest, which usually attrack A. senegal tree after 
stress condition (Schmutler, 1969).  
Insect infestation is among the most challenging environmental hazards that 
farmers face. Successful mitigation depends on early detection and regional 
tracking, use of hyper spectral data aids in early detection of plant damage, 
defoliation (Miller et al., 2002; Tucker et al., 1986). 
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2.6 Desertification 
Desertification is a major environmental problem with adverse socio-
economic impact, particularly in the arid, semi-arid and dry sub-humid land 
of developing countries (Mustafa, 2007). 
The internationally negotiated and accepted definition stated that      
desertification is land degradation in arid, semi-arid and dry sub-humid areas 
resulting from various factors including climatic variation and human 
activities (Lean, 1995).  Land in this context includes: soil, land surface, 
vegetation and local water resources.  
2.6.1 Desertification and natural resource degradation  
The Sudan was the location for early studies which appear to have 
contributed to the idea of southwards creep of the Sahara Desert with rates 
of movement of about five to six Kilometers per year (Bayoumi, 1984).  The 
IIED/IES Report (1990) summarized the factors contributing to degradation 
of natural resources in the Sudan.  
2.6.2 Impacts on the Gum Belt area 
As a result of the on-going process of desertification along with the drought 
spells and accompanying socio-economic changes, the condition and 
distribution of the tree cover in the gum belt has been drastically affected, 
particularly in the sandy areas of North Kordofan and North Darfur 
(IIED/IES, 1990). 
The IIED/IES (1990) report discussed in details the process, history and 
causes of land degradation and desert encroachment in the gum belt of the 
Sudan, which is experiencing such phenomena at an alarming rate. It has 
 15
also contributed to ecological changes and southwards shift of the gum belt 
in the Sudan. 
Declining crop production per unit area is a consequent result to declining 
land quality, the general trend in land productivity in the gum belt is 
downwards, while the area cultivated is increasingly upwards (Ibrahim, 
1984).  Taha (2000) reported that the traditional agricultural production has 
decline as part of general change in the economic and environmental 
conditions in the gum belt area. 
2.6.3 Impacts on Hashab stands and gum production 
Like all other natural resources, gum-producing trees in Sudan have been 
suffering from land degradation and its accompanying ecological changes. 
The reported reduction in the area of Hashab gardens corresponds to 63 % 
from the 1960s to the 1970s and to 62 % reduction from the 1970s to the 
mid/late 1980s and early 1990s (Chikamai, 1996). Seif El Din (1985) noted 
that, an average area of 32 hectares of gum garden per household is 
perceived to have been owned during the 1960’s, 12 hectares during the 
1970’s and an average of only 5 hectares during the 1980’s for the same 
number of correspondent households.  
The main cited cause for reduction in Hashab area was the drought which 
resulted in death of the trees or stress that lowers productivity, in which case 
farmers cut trees down and sell them as firewood or charcoal (IIES/IES, 
1990; Larson and Bromley, 1991). The total area under A. senegal has 
decreased significantly, and the older trees which serve as seed banks for 
future regeneration died off. The trees, having been weakened by water 
stress, were subject to termite root damage thus loosens the anchorage of the 
trees and enable strong winds to simply blow them over. Young trees have 
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been either weakened, stunted or killed out-right by drought, thus 
jeopardizing both current and future production prospects (Taha, 2000). 
The physical removal of Hashab stands  by clearance of trees and their sale 
as building poles or conversion into charcoal has been widespread in many 
areas of the gum belt, namely in Kordofan and Darfur Regions, particularly 
when gum prices have been low (IIES/IES, 1990). Furthermore, vast areas 
of Hashab stands have been clear-felled and converted into mechanized 
farms in Southern Blue Nile (Larson and Bromley, 1991; Elnageeb and 
Bromley, 1992). Locust attack, fire and livestock grazing (mainly camels) 
are also noted in the report of the IIED/IES (1990) along with other causes 
that brought fundamental changes to stock of Hashab gardens and gum 
production in the Sudan. 
Taha, (2000) interviewed respondents in gum belt of North Kordofan area 
and identified the factors that contributed to reduction in area of  Hashab 
gardens.  The majority (68%) perceived that drought is the main cause, 
whereas 23% attributed it to the combined effect of drought and animal 
grazing.   Also, 3% related it process to animal grazing, and 6% related it to 
declining and fluctuating gum prices and to other causes, which have been 
identified by Mutwakil (1998) to include expansion in crop farming beside 
other environmental and socio-economic factors. 
Due to the importance of the A. senegal species as a national wealth, there is 
a need to know distribution of Hashab tree to conserve and improve it (Fadel 
Elmola, 2003). 
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2.7 Description and distribution of Acacia senegal tree 
A. senegal is a shrub/small tree approaching 8m in height. It is distinguished 
by its black thorns that are present in-groups of three; the two side thorns are 
curved upwards and the mid one is curved downwards. The thorn is 
measuring roughly 0.5mm in length (El Amin, 1990; Vogt, 1995). 
A. senegal trees occur in a wide belt of semi-arid land across Sub-Saharan 
Africa. The belt extends between latitudes 10° and 15° north. A. senegal tree 
has wide spread in two main areas of distribution. The first is on stabilized 
sands under rainfalls ranging between 280 and 450 mm, and the second is on 
cracking clays where it is found under rainfalls of 500 mm (Vogt, 1995). 
2.8 Importance of Hashab Trees 
In addition to gum production, Hashab trees have many other benefits and 
values, some of which are well perceived by the farmer in the gum belt area. 
The wide range of services that A. senegal tree provides render it as one of 
the important multipurpose leguminous tree species used for afforestation of 
arid areas in the tropics. Such benefits have been  discussed by Booth 
(1966), Habish (1970), Awouda (1974), Seif eldin (1981/82), Hussein 
(1983), Zhang et al., (1989), IIES/IES (1990) and Barbier (1992). They are 
summarised to include the following: 
i. Protection: Hashab trees act as ‘buffer’ against desertification. The 
tree cover is effective in minimising the erosive power of wind and 
water. The large size of the tree enables it to face the blowing wind 
that moves away the soil. In the sands the tree produces a relatively 
short tap root and then sends out numerous lateral roots, almost 
perpendicularly from the main root to cover a large area around the 
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tree, and change their direction downwards in search of water. Up to 
40 percent of the tree biomass may be underground, making ‘Hashab’ 
tree highly valued for its soil stabilizing functions. Having such 
characteristics, the Acacia senegal tree improves the soil, may assist 
in dune fixation, act as a buffer against wind erosion and decrease 
water run-off in sandy areas (Seif eldin 1981/82). Such effective soil-
binding abilities are very important, especially in the low rainfall 
woodland savannah on sand.  
ii.  ‘Hashab’ trees are very tolerant to temperature and rainfall variation, 
making them invaluable as species that can be grown towards 
northern limits of cultivation in the Sahel, and hence also in this way 
encouraging protection against desertification and desert creep. 
iii. The gum arabic tree is deciduous and so recycling of minerals from 
leaf and pod decomposition helps supply of organic matter (proteins) 
and adds to fertility of the surrounding soils. One important 
characteristic of this woody legume is its ability to fix the atmospheric 
nitrogen in symbiosis with Rhizobium bacteria inhabiting its root 
nodules. Rhizobium strains isolated from Acacia senegal tree show 
great promise as potential inoculants strains with diverse ecological 
properties. It is estimated that the area under 16-year old average sized 
trees of Acacia senegal would receive an amount of nitrogen 
equivalent to 76.4 Kilogram of ammonia sulphate per acre, plus 
considerable organic matter (IIES/IES, 1990). Appreciable changes 
have been induced by Acacia senegal on the surface soil properties 
(Hussein, 1983). This conclusion is consistent with other findings in 
similar previous investigations (BOOTH, 1966; HABISH, 1970).  
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iv.  ‘Hashab’ tree is a favored source of fodder and provides good 
browsing material for livestock such as cattle, camels and goats; also 
gum production is a convenient source of seasonal employment for 
many hundreds of thousands of farmers throughout the gum belt in the 
Sudan. Thus, the gum arabic tree provides a seasonal activity for gum 
farmers and in turns a source of supplementary cash income outside 
the growing season for other cash crops, particularly important in 
locations where off-farm opportunities are limited. This process has 
its direct advantageous influence on the degree of settlement of 
households’ members who annually migrate looking for alternative 
job opportunities in the dead season. 
v.  ‘Hashab’ tree is a source of wood for energy uses (firewood and 
charcoal) and for house construction. Gum production takes place 
with trees aged 4--15 years, so that older trees are unlikely to yield 
significant quantities and become suitable for fuel wood. 
2.9 Distribution and habitat of some tree species 
2.9.1 Calotropis procera 
This shrub is found over the hole of the Sahel, spreading south words into 
East Africa and north-words into Arabian Peninsula. It is typically found in 
degraded land and sandy areas with a rainfall requirement from under 150 to 
over 1000 mm.  However, it is common in area with lower rain fall, prefers 
sandy soils, frequently found in disturbed areas near villages or towns, and it 
tolerates high temperatures.  The seeds can be planted directly in to the soil, 
and will grow rapidly, though it is not commonly planted as it is regarded as 
a noxious weed in many areas, Vogt. (1995). 
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2.9.2 Leptadenia pyrotechnica 
The species is native to Pakistan, Arabia and the Sahel belt from the Sudan 
to Senegal. In Sudan it is most commonly found in sand dunes in the semi-
desert areas of the north and west (Vogt, 1995). Its rainfall requirement is 
100-500 mm, prefers dry sandy soils and sand dunes, withstand high 
temperatures, and adapted to harsh environment, Vogt. (1995). 
2.9.3 Acacia tortilis 
Wide spread in Africa from south Africa (sub sp. Heteracantha) through East 
Africa and western Africa and the horn of Africa (sub sp. Spirocarpa) to 
northern Africa and western Arabia (sub sp. raddiana with sub sp. tortilis) 
extending from Israel and Arabia to Egypt and eastern Sudan to Somalia. 
Acacia radiana is sometimes treated as a distinct species within which the 
more or less glabrous young branch lets leaves and pods separate var. 
radiana from the pubescens. However, the characters and distribution of the 
latter are suggestive of a putative hybrid between sub sp. radiana and sub sp. 
tortilis. Its rainfall requirement is from 100-800 mm, and it requires less 
rainfall if it taps the water table. Drought tolerant once established, tolerates 
nearly all soil type, tolerates very high temperatures. A low land tree and 
often indicates the tree limit to the desert, Vogt. (1995).             
2.10 Gum cultivation cycle  
Afforestation is establishment of a forest in an area which did not carry a 
forest within living memory (50 years), while Reforestation is establishment 
a forest in an area which carried a forest previously (Goda, 2006).  
Within the traditional agricultural areas e.g. North Kordofan, the gum 
cultivation cycle operates as follows (Hussien, 1983):-  
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1/ Land clearance from thorn shrubs and grasses. 
2/ Cultivating agricultural crops for a number of years (4-6) until yield 
drops. 
3/ Fallow period during which A. senegal trees recolonies the site mainly by 
coppicing. 
4/ Gum tapping commences at 4-5 years from Acacia senegal regeneration. 
5/ After about 15 years of gum tapping, the garden is cleared of the trees and 
traditional agricultural crops cultivated e.g. sorghum, millet, sesame, rosella, 
water melon etc. 
 The cycle can continue indefinitely due to the ameliorative effect of A. 
senegal as it rejuvenates the soil through litter mineralization. 
2.11 Rehabilitation Projects working in Bara locality 
2.11.1 The restocking of Gum belt project 
This project started in 1981 with the aim of combating desertification and 
rehabilitation of the deteriorated gum gardens within gum belt in the 
provinces of Shiekan, Um rawaba and Bara. During phase 1 and 2 the 
project has addressed desertification control development of central 
nurseries for production and distribution of Hashab seedlings whereby a 
further 4 million seedlings were produced and distributed to almost 8000 
farmers for planting over 8400 ha (haj Eltahir, 1996). 
2.11.2 The Swedish Association (SSA) Project  
This project started after the drought in Bara locality in five villages around 
Bara town. The main aim of the project was combating desertification, 
providing villagers with income generation opportunities. The main 
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activities of the project were: establishment of fenced shelterbelts around 
villages, vegetable growing for income generation and provision of clean 
waters through cleaned well (haj Eltahir, 1996). 
2.11.3 Community Based Range Lands Rehabilitation Project 
The Range  and pasture administration in collaboration with the United 
Nations Sudano Sahelian office started community based rangelands 
rehabilitation for carbon sequestration and biodiversity preservation in 1994. 
The project continued for five years with the overall development objective 
of an effective, appropriate and sustainable natural resources management 
system at local level. That project focused on prevention of over exploitation 
and degradation, and rehabilitation and/ or improvement of rangeland, in 
order to contribute to reduction of global warming through carbon 
sequestration, preservation of biodiversity, and reduction of atmospheric 
dust (UNSO, 1994).  
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CHAPTER THREE 
Material and methods 
3.1 General description of the study area 
3.1.1 Geographical location 
The study was carried out in Bara Locality (Map1), which is a part of the 
gum belt in Sudan between latitudes 13° 18¯ and 14° 13 ¯ North and 
longitudes 58° 45¯and 31° 48¯ East and it is about 56 km North of Elobeid 
town (Abdelnasir, 2003).  The households in the gum belt exhibit similar 
socio-economic characteristics. Their activities include crop farming, 
livestock raising and gum production (Taha, 2000). Also El Bashir (1993) 
noted that most of the households in Kordofan State belong to the same tribe 
and are governed by the same rules that regulate land tenure, usufructuary 
rights, division of labor and the resource base utilization.  
3.1.2 Vegetation Cover  
The study area falls within and qualifies for the semi–desert scrub vegetation 
zone which is characterized by its annual rainfall ranging from 75to300mm.  
The majority of plant species are drought tolerant, also the vegetation cover 
in the area was extremely affected by land use pattern, particularly rainfed 
agriculture which led to the continuous clearance of vegetation cover  
(Abdelnaser, 2003). Heavy grazing also imposed an effect on the 
composition of plant species, to the extend that some of the most palatable 
plant species are hardly found in Bara (Amin, 1986). The commonly 
encountered tree species are mainly: A. senegal; A.tortilis; Ziziphus spina–
Christi; Faidherbia albida; Balanites aegyptiaca; leptodenia pyrotechnica 
and Calotropis procera. 
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On the other hand, the main grasses in the area were Gau (Annual aristida 
spp.), biro (Eragrostis spp.), Huskaneit (Cenchrus spp.), and simaima 
(Hyparrhinia hirta) (Khairy, 2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Map 1 Location of Bara Locality in Sudan 
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3.1.3 Climate  
Two air movements affect the climate of Bara Locality. Avery – dry 
movement from the north reaching its southern limit in mid – winter and a 
major airflow of maritime origin that carries moisture, and enters from the 
south and brings rain. This rainfall extends from mid- June to October and 
reaches its peaks in July and August. There is a wide variation in the 
monthly and annual rainfall figures. Generally there is a decreasing trend in 
amount and duration of rain through time. The annual rainfall ranges from 
281.4mm during (1941 – 50) to 177mm during (1981- 87) in the dry years; 
this indicates the sharp decreasing trend Appendix (3), (Booth, 1989). Figure 
(3.1) show rainfall trend in Bara from 1960s to 2000s.  
The temperatures vary during the year and seasons. The hottest months are 
April and May with a mean maximum temperature of 390- 400c . The cooler 
months are December to January with minimum temperature of 8 – 130c 
(Abdelnaser, 2003).   
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Figure 3.1 Rainfall trend in Bara Locality 
Source: (IFAD, 2004) 
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3.1.4 Soil and Topography  
The soil in the southern portion of Bara district is heavy red sand and sand 
Qoz predominates. This is suitable to the growth of trees and cenchrus grass, 
and agricultural crops like millet, sesame and water melons. Within these 
sandy soils a small proportion of clay content is part of the composition and 
it increases gradually southward mainly in (Kheran) area, which is the most 
distinctive natural feature in the district. Kheran form a series of basins 
divided by steep ridges of red sand. At the bottom of each basin (Khor) the 
soil is grayish sand containing much lime. Water is found at a depth from 8 
to 25 feet (Mukhtar et al., 1982).  
The northern portion of the district is described as the immature soils of the 
semi – desert due to its partial development which is attributed to the scarce 
rainfall. Generally the ground is hard, leveled and intercepted with numerous 
hilly outcrops (Abd El salam, 1990). The soil types that form the agricultural 
lands are sandy and clay soils.  Both soil types include different grades 
according to the nature of formation, origin and mineral content. The 
formation of these sand grades represents the desert sand that moved 
southward in the dry period. Trees and vegetation growth stabilize sand 
dunes, but in areas where overgrazing and over cultivation restricted grass 
and vegetation groth, sand creep was found. The topography of the area is 
characterized by scattered undulated sand dunes, which take different sizes, 
and shapes intermingled with some depressions. These dunes extended over 
large area north Bara town, Basheri, El Humara and El Taweel, the presence 
of these localized active dunes acts as a threat to villages and agricultural 
lands in the area. (Hag EI tahir. 1996).  
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3.1.5 Population 
According to the 1993 census the total population in Bara province was 
264,737 of which 123,613 were males and 141,124 females comprising 
46,915 families distributed in eight rural councils and 212 villages. Water 
availability, social service and land for agriculture are the main determinant 
factors for population settlements. The successive droughts of 1974, 1984 
and 1990 affected population distribution where great proportion of the 
population migrated from the province and settled near Um Durman in a 
shanty area called El Mualih and Ub Zaid camps (Abdelnaser 2003).  
Major tribes are Dar Hamid, Bederia, Maganeen and some nomadic tribes 
such as Shanabla, Kawahla and Kababish. Due to environmental and 
economic marginality of this area and the persistent low crop production as a 
result of low and erratic rainfall migration has been practiced by able male 
villagers during the dry season seeking labor opportunities to supplement 
family income. However, they return prior to the rainy season to practice 
agriculture. In general the population in North Kordofan state is growing at 
an increasing rate (Khairy, 2007).   
3.1.6 Agriculture  
The major food crops that are produced in the study area are millet, grown 
mainly in sandy soils, and sorghum. The major cash crops are sesame, 
kardade, and watermelon. Sesame grown well on sandy soils at a minimum 
of 250- mm annual rainfall is well spread over a three month period. It is 
usually planted after the first good rain and matures after about 90 days. 
Under good conditions sesame can produce a yield of 200 kg or more per 
hectare (ELFaki et al., 1990). Melit production in Bara locality has declined 
sharply over the past 25 years, from as high as 640kg/ha in the 1960s to 
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377kg/ha in the 1970s and to 210kg/ha in the early 1980s. Similarly, other 
crops such as sorghum and sesame have declined as the result of drought and 
erratic rainfall, lack of agricultural inputs, unfavorable pricing policies and 
outbreak of pests in some cases. Bara supplies ELobied town with more than 
50% of its vegetable consumption. High production cost is the main 
constrains to vegetable production (ELFaki et al., 1990). 
3.2 Methodology 
The study consists of two main methods, namely: inventory of the 
vegetation cover in Bara Locality and a social survey to obtain people 
perception.  
3.2.1 Data collection 
3.2.1.1 Survey of tree vegetation cover 
The map of Bara locality was divided into four more or less equal sections, 
namely: North Bara, East Bara, West Bara, and South Bara. The villages in 
each section were recorded and then two villages from each section were 
selected randomly to represent the section. Therefore eight villages were 
selected to represent Bara locality. The selected villages are Umzain, 
Mashga in the north, Sherim Elkaramsha, Mima in the east, Meliha Elfaky, 
Meliha in the West, and Umgalgy, Elgenina in the south.  
In each village 15 samples were taken randomly, 30 samples in each section. 
The sample was a circular plot with an area of 0.1 ha. 
In each sample plot, the present tree species were identified and quantified, 
the average number of each tree species/ha was determined for each site and 
for whole study area. The mode of A. senegal regeneration and tree age were 
determined (young or old) (Figure 3.2). 
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3.2.1.2. Social survey 
The same four sections and eight villages were used. The following 
procedure was followed in selection of respondent in each village. 
First the study objectives were explained to each village leader then with the 
guidance of the leader (Sheikh), a list of Local farmers was prepared. The 
criteria for identification of farmers were age (more than 40 year), owned 
and cultivated Hashab stands besides farming of seasonal crops. Then from 
the prepared list of each village, about 12 to 13 farmers were taken 
randomly, 25 respondent from each section. The total number of respondent 
in the whole area is 100 Figure (3.3).  
The selected farmers were called by village’s leaders and the village leaders 
explained to them the purpose of the study.  Then the questionnaires were 
filled by the team of the study (each farmer interviewed individually). 
The questionnaire was designed with the following features: 
General characteristics of respondents questions 1-7; factors affecting 
Hashab density in the area questions 8-19; the extent and consequences of 
these factors in push fallow system (Hashab stands and rain-fed agriculture) 
question 20-30; consideration for rehabilitation questions 31-40 (Appendix 
1). 
3.2.2 Data analysis 
The Statistical Analysis System (SAS) used for analysis of tree vegetation 
sampling data. The analysis of variance (ANOVA) followed by mean 
separation procedures. The analysis was carried to determine the 
significance of each tree species density and total trees cover according to 
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villages and direction and ranking of the means. Duncan test was used for 
mean separation for tree species densities. 
Data collected by questionnaire were first coded, and then analyzed using 
SPSS and Excel programs. Results have been presented in figures and tables. 
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Figure 3.2. Division of Bara Locality in to sections, villages and 
sampling sites 
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Figure 3.3. Division of Bara Locality into sections, villages and selection 
of respondents  
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CHAPTER FOUR 
RESULTS and DISCUSSION 
This chapter will be presented in three sections: Section one and two contain 
the results and discussion on the survey of the tree cover in Bara and social 
survey, respectively.   In section three a general discussion is presented. 
4.1 Tree vegetation cover 
4.1.1 Tree species 
The vegetation in Bara Locality showed the presence of seven woody tree 
species belonging to four families as shown in Table 4.1. 
Table 4.1 Tree species in Bara Locality 
Tree species Local name Family
Acacia senegal Hashab Leguminaceae
Sub.family: mimosoideae
Acacia tortilis Seyal Leguminaceae
Sub.family: mimosoideae
Leptodenia pyrotechnica Merikh Asclepidaceae
Ziziphus spinachristi Sedir Rhaminaceae
Balanites eagyptiaca Lalub Balanitaceae
Faidherbia albida Haraz Leguminaceae
Sub.family: mimosoideae
Calotrpis procera * Ushar Asclepidaceae 
* Caltropis procera is not found in East and North area 
 
The ranking of the species according to their densities is as follows: Acacia 
tortilis followed by Leptodenia pyrotechnica, Calotrpis proceras, Balanites 
egyptiaca, Fidherbia albida, Ziziphus spinachristi and Acacia Senegal 
(Figure 4.1).   Table 4.2 shows the percent of the number of each tree species 
in relation to the total number of trees in Bara Locality and in its four 
divisions.   
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Figure 4.1 Density of tree species in Bara Locality  
 
Table 4.2. Percent of the number of trees of each species to the total number 
in Bara Locality and its four divisions  
Tree species General North East South West
Acacia tortilis 42.5% 56.6% 59.2% 20.6% 32.4%
Leptodenia pyrotechnica 40.4% 31.8% 31.3% 51.8% 46.8%
Calotrpis proceras 6.4% 0 0 16.7% 8.25%
Balanites egyptiaca 3.2% 3.4% 2.4% 2.8% 3.3%
Fidherbia albida 2.8% 2.7% 2.4% 2.8% 3.1%
Ziziphus spinachristi 2.7% 2.7% 2.3% 2.7% 2.8%
Acacia senegal 2% 2.5% 2.3% 2.3% 3.1%
Total 100% 100% 100% 100% 100%
 
 
The comparison of the densities of each species among the divisions and 
villages in Bara Locality are shown in Table 4.3 and 4.4, respectively.  
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Table 4.3.  Comparison between the number of trees/ha of each species 
among the four divisions of Bara locality 
  
Division A.s A.t L.p Z.s B.e F.a C.p Total 
North 14 a 307 b 173 d 15 a 19 a 15 a 0.0 c 543 b
East 15 a 385 a 206 c 15 a 16 a 16 a 0.0 c 655 a
South
14 a 122d 307 a 16 a 17 a 17 a 99  a 594 b
West
18 a 185 c 267b 17 a 19 a 18 a 47 b 574 b
Pr 0.4181 0.0001 0.0001 0.7867 0.8124 0.6579 0.0001 0.001
Means with same letter in the same column are not significantly different 
according to Duncan Multiple test at 0.05.  
  
A. s = A. senegal 
A.t =  A. tortilis, L.p =  Leptodenia pyrotechnica 
 Z.s =  Ziziphus spina-christi, B.e =  Balanites egyptiaca 
F.a =  Fidherbia albida, C.p =  Calotropis procera 
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Table 4.4. Comparison between the number of trees/ha of each species 
among the eight villages in Bara locality  
Division Village A. s A.t L. p Z.s B. e F. a C. p
North Umzain
Mashga
12 a
15 a
296 d
317 c
150 e
195 d
15 a
14 a
20 a
17 a
16 a
13 a
0.00 e
0.00 e
East Sherim.K
Mima
14 a
15 a
376 b
394 a
201 d
212 d
16 a
13 a
15 a
18 a
18 a
15 a
0.00 e
0.00 e
South Umgalgy
Elgenina
14 a
14.6 a
93 h
151 g
324 a
290 b
17 a
16 a
15 a
18 a
14 a
20 a
114 a
84 b
West Meliha.F
Meliha
19 a
17 a
176 f
194 e
275 bc
259 c
18 a
16 a
22 a
16 a
20 a
16 a
51 c
42 d
pr 0.8243 0.0001 0.0001 0.9614 0.8493 0.5253 0.0001
Means with same letter in the same column are not significantly different 
according to Duncan Multiple test at 0.05.  
 
A s =  A. senegal 
A.t =  A. tortilis 
L.p =  Leptodenia pyrotechnica 
Z.s =  Ziziphus spina-christi 
B.e =  Balanites egyptiaca 
F.a =  Fidherbia albida 
C.p =  Calotropis procera 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 37
4.1.3 A. senegal 
The number of A. senegal trees per ha showed no significant differences 
among the four divisions of Bara locality as shown in Table 4.3 and 
Figure 4.2.   and even among the eight villages as shown in Table 4.4 .  
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Figure 4.2 Density of A. senegal trees in the four divisions of Bara 
Locality.  
 
The comparison of these results with that reported by Fadel Elmola 
(2003) the density of A. senegal tree has increase to 15 trees per ha and its 
percent was decreased to 2% (Figure 4.3)  from  reported four trees per ha 
and percentage of 31 % in National Survey of (1995).   These results 
indicate that there is increase in the number of trees in Bara Locality with 
other species increasing with higher rate than A.senegal.  Also, these 
results are in partial agreement with Abdelnasir (2003) who indicated that 
some trees species such as A. senegal had declined while other species 
are taking over due to favorable condition.  
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Figure 4.3 Percent of A. senegal trees to all trees species in the Bara 
Locality.  
 
4.1.4 Mode of regeneration of A. senegal  
The dominant mode of regeneration was natural regeneration by seeds, 
followed by coppice and the least was by artificial regeneration by seeds 
and seedlings as shown in Figure (4.4). This result indicates that 
plantation activities of A. senegal in Bara are very low or the success is 
limited.  
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Figure 4.4. Mode of regeneration of A. senegal in Bara Locality 
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4.1.5 Distribution of A. senegal according to age 
The percent of young trees and old trees are shown in Figure 4.5.  The 
number of old trees, which serve as mother trees, is apparently not large 
enough to enrich the seed bank in Bara Locality to support higher rate of 
natural regeneration.   
Bayoumi (1995) had argued that the successive droughts resulted in the 
death of old A.senegal tree in Bara Locality. Also, Taha (2000) reported 
that the older trees, which serve as seed banks for future regeneration 
died off as a result of drought and sub sequent death. 
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Figure 4.5.  Distribution of Acacia senegal trees according to age   
Old = tree that reached the age of seed production 
Young = tree that did not reach the age of seed production   
4.1.6 Acacia tortilis 
Acacia tortilis showed significant variation in number of trees according 
location (divisions and villages) (Table 4.3 and 4.4).  The number of trees 
was higher in the eastern parts and lower in the southern parts as shown 
in Figure 4.6. The pattern of distribution may indicate movement of the 
species from the east and north to the south.   
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 Figure 4.6 the density of Acacia tortilis tress in the four divisions.   
 
4.1.7 Leptodenia pyrotechnica  
The variation in the species number of trees per ha for Leptodenia 
pyrotechnica was highly significant at the division and village levels 
(Table 4.3. and 4.4, respectively).  Contrary to A.tortilis, the highest 
density was in the South and the lowest one was in the North (Figure 4.7).  
4.1.8 Calotropis procera 
The number of trees for this species varies significantly among the 
divisions (Table 4.3) and among villages (Table 4.4).  The species is not 
present in the eastern and northern parts  (Figure 4.8) where A. tortilis 
showed higher rate of presence.  
4.1.9 Ziziphus spina-christi, Balanites aegyptiaca, Fidherbia albida 
The number of trees per ha for each of the above three species showed no 
significant variation among the locations (Table 4.3) and villages (Table 
4.4).  The number of trees per division for Ziziphus spina-christi ranged 
between 17 and 15   (Figure 4.9) and for Balanities aegyptica  ranged 
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between 19 and 16  (Fiugure 4.10) and for Fidherbia Albida  ranged 
between 18  and 15 (Figure 4.11).     
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Figure 4.7 the density of Leptodenia pyrotechnica tress in the four 
divisions   
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Figure 4.8 the density of Calotropis procera tress in the four divisions of 
Bara Locality.  
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Figure 4.9 the density of Ziziphus spina-christi tress in the four divisions 
of Bara Locality.  
 42
 
1 4
1 5
1 6
1 7
1 8
1 9
2 0
N o r t h E a s t S o u t h W e s t
B a r a  d i v i s i o n s
Nu
m
be
r 
of
 
tre
es
/h
a
 
Figure 4.10 the density of Balanites aegyptiaca tress in the four divisions 
of Bara Locality.   
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Figure 4.11 the density of Fidherbia albida tress in the four divisions of 
Bara Locality. 
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4.2 Result of social survey  
4.2.1 Characteristics of respondents 
The general characteristics of respondents surveyed at Bara Locality are 
presented in Table 4. 5.  The average age of the respondents is 53 years, 
this is helpful for securing adequate knowledge and familiarity with the 
recent and past changes in Bara Locality.   Also, 94% of respondents are 
farmers who are experienced in crop cultivation, Hashab management 
and Gum Arabic production.    
Table 4.5 General characteristic of surveyed respondents at Bara Locality 
 
Mean % St.d
Age 53 - 13.13
Family size 6 - 3.77
Education level
- Illiterate
- Khalwa
- Basic
- Secondary
-
-
-
-
46
16
27
11
-
-
-
-
Main occupation
- Farmer
- Livestock raising
- Merchant
- Employee
- Others
-
-
-
-
-
94
2
2
1
1
-
-
-
-
-
Secondary occupation 
- Farmer
- Livestock raising
- Merchant
- Employee
- Others* 
-
-
-
-
-
55
29
9
3
4
-
-
-
-
-
-
Gender
- male - 100
-
-
*Casual labour  
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4.2.2 The historical dominance of tree species   
All of the respondents mentioned that A. senegal was dominant tree 
species in Bara Locality. When asked about the presence of the species in 
40 years ago, the frequency of the respondents indicated the presence of 
the tree A. senegal followed by Balanites aegyptiaca, Ziziphus spp, 
Acacia tortilis, leptodenia pyrotechnica and Calotropis procera is shown 
in Figure 4.12. Similar to this study, Abdelnasir (2003) reported that that 
A. senegal was the commonest tree species in Bara area.  Also, Jamal 
(1987) indicated that the acacias were the most common trees in Bara 
areas.  
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Figure 4.12 Frequency of respondents indicating the presence of tree 
species in Bara Locality in the 40 years ago.   
 
4.2.3 Factors affecting Hashab densities   
All of the respondents indicated that drought and Desertification were the 
major factors behind the change in Hashab densities in Bara followed by 
over cutting, and other factors as shown in Figure 4.13. These results are 
in agreement with (Taha, 2000) who indicated that the majority of 
respondents 63% mentioned that Drought and desertification was the 
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major factors affecting Hashab density in the gum belt areas.  Also, 
Bayoumi (1995) noted that the drought periods in Bara locality results in 
deterioration of Hashab garden and the tree species.   
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Others include factors like replacement by A. tortilis and age were the 
causes for Hashab low density.  
 
Figure 4.13.  Frequency of respondents indicating the factors affecting 
Hashab densities in Bara Locality  
 
4.2.4 Reasons of Hashab cutting  
The reasons behind cutting of Hashab trees in Bara Locality  are shown in 
Figure 4.14.  Building materials had the highest frequency among the 
other causes, which agrees with Elkhalifa et al. (1998 b).  
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Figure 4.14.  Frequency of respondents listing the reasons of Hashab 
cutting in Bara Locality  
 
4.2.5 Change in Hashab stands 
All the respondents mentioned that there is change in Hashab in term of 
areas, densities and gum production (Tables 4.6). There is a decrease in 
Hashab areas from 21.9 ha/farmer to 4 ha/farmer. This result agreed with 
Chikamai (1996) and  Seif El Din (1985) who reported  a reduction in the 
areas of Hashab gardens.   Also, there is decrease in Hashab densities 
from 164 tree/ha to 12 tree/ ha. Also the table showed that there was a 
decreasing in gum production. This result agreed with Bayoumi, (1995) 
he reported that the gum production was decreased in Bara area during 
drought periods. 
Table 4.6   Mean area owned by one farmer (ha), density of Hashab 
trees/ha and gum production per ha 40 years ago and recently  
Mean values
40 yrs ago recently
Area of Hashab  (ha) 21.9 4 
Number of Hashab tree per ha 164 12 
Gum yield per ha in quntar 1 0.07 
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4.2.6 Change in agricultural production 
All the respondents mentioned that there is a decrease in crop production 
in Bara Locality.   The estimated production per area in the past and in 
the recent years showed marked decrease in all of the important seasonal 
crops grown in Bara Locality as shown in Table (4.7).  
These results are in agreement with Taha (2000) who reported that the 
traditional agriculture production has declined as part of general change 
in the economic and environmental conditions in the gum belt area. Also, 
Khalid (1985) argued that the breakdown of the gum Acacia agro forestry 
system not only reduced gum production but threatened the stability of 
the Kordofan rich agricultural soils. Also, Ibrahim (1984) reported that 
there was a decline in crop production per unit of area, and the trend in 
land productivity in the gum belt area is downwards. 
Table 4.7.Percent of drop in production of the seasonal crops in Bara 
Locality (drop in crop yield relative to recent productivity)  
Mean values
Before 40 yrs After
Percent of drop
Sesame production (sacks/feddan) 9.6 2.5 292 %
Dura production (sacks/feddan) 5.9 1.4 325 %
Melit production (sacks/feddan) 9.1 1 666 %
 
4.2.7 Rehabilitation efforts  
A large number of respondents (69 %) acknowledged the presence of 
rehabilitation efforts in Bara Locality.  The Forest National Corporation 
(FNC) was the main institution involved in the rehabilitation, followed by 
other organization as shown in Figure 4.15. Also, the respondents 
indicated that there was no visible role for the Gum Arabic Company and 
other institutions like the Agricultural Research Center in the 
rehabilitation efforts.  The efforts of the institutions in rehabilitation 
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consisted of providing seeds and seedlings as shown in Table 4.8 the 
absent role of the Gum Arabic Company and the Agriculture Research 
Center showed that there are no extension and protection services.   
All the respondents mentioned that these rehabilitation efforts were not 
successful in Bara, because the seedlings and seeds were not made 
available at the onset of rainfall.   
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   Figure 4.15 Institution of rehabilitation and its percent of contribution 
 
 
Table 4.8 the form of contribution of the institutions in the rehabilitation 
efforts in Bara Locality 
Institution Services %
FNC Seedlings
Seeds
Both of them
23
4
31
Organizations Seedlings
Seeds
Both of them
9
1
1
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4.2.8 Methods for A. senegal regeneration  
The majority of the respondents (56%) mentioned that the artificial 
regeneration by seeds was the best method for increasing the density of A. 
senegal trees as shown in figure 4.16. They indicated that the seeds 
should be sown with crops at the on set of the rainy season.  This will 
allow seedling to be come well established and tolerating the coming dry 
season until the next rainy season.   
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Figure 4.16 Percent of respondents indicating the best method for A. 
senegal regeneration in Bara Locality 
 
 
4.2.9 Role of local leaders  
The role of local leaders in the protection of Hashab trees was 
acknowledged by 42% of the respondents.  However, 58% of respondents 
emphasized the need for protection services from the FNC and police. 
4.3 General discussion 
The result of species composition generated by the vegetation survey 
concurred with that of social survey; however there was a change in 
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densities given by the tow assessment methods. This result agreed with 
(Taha, 2000) who reported that the basic distribution of vegetation cover 
as described by Harrison and Jackson (1958) is much the same, but the 
densities of plant species have been greatly altered, and mostly reduced. 
Drought and Desertification were the major factors of change with the 
result that the dominant tree species in Bara locality had changed from 
A.senegal to Acacia tortilis, Leptodenia pyrotechnica and Calotrpis 
proceras which are  common in deteriorated or desertified area (Vogt, 
1995). 
Artificial regeneration was advocated by the respondents as the suitable 
method for increasing the density of A. senegal trees.  This perception of 
the respondents is consolidated by the finding of the vegetation survey 
which showed that natural regeneration is not efficient for the 
establishment of the species.   
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CHAPTER FIVE 
CONCLUSSIONS AND RECOMMENDATIONS 
 
 
5.1 CONCLUSSIONS  
The main conclusions from vegetation sampling are the following: 
- Tree species in Bara locality consist of Acacia Senegal, Balanites 
egyptiaca, Fidherbia albida, Ziziphus spinachristi, Acacia tortilis 
Leptodenia pyrotechnica and Calotrpis proceras which maintaining the 
same trees species in the past. 
- Change in densities especially for A. Senegal, is a reality that reflect a 
definite decrease in species density and noticeable replacement by other 
species. 
- The prevailing tree species densities  in Bara area are Acacia tortilis 
followed by Leptodenia pyrotechnica, Calotrpis proceras, Balanites 
egyptiaca, Fidherbia albida, Ziziphus spinachristi and Acacia Senegal, 
with an average number of trees/ha 251, 238, 37, 18, 17, 16, 15 
respectively. 
- The dominant mode of Acacia senegal regeneration in Bara was natural 
regeneration by seeds. This proved to be not satisfactory fore effective 
establishment of the species as reflected by the poor regeneration figures.  
The main conclusions from questionnaire are the following: 
- Drought and desertification were the major factors behind the change of 
Hashab density followed by over cutting, pests, over grazing and fires. 
- There is a decrease in mean areas of Hashab stands and gum 
production/unit of area. 
- There is a decreasein mean production of rain-fed agricultural crops/unit 
of area. 
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- The artificial regeneration by seeds was the ideal method of Acacia 
senegal regeneration in Bara. As supported by both vegetation and social 
surveys. 
- The decrease in Hashab density and the lowering of crop productivity 
are indicative signs of both resource and site deterioration. 
5.2 Recommendations 
- Plantation of Acacia senegal trees in Bara Locality should be 
significantly upgraded  to increase the density of Hashab trees. 
- Providing alternative source of energy and building material is a 
necessity for minimizing the effect of tree cutting. 
- Raising the awareness of local community on the environmental 
benefits of A. senegal trees is an important issue for improving 
production and protection parameters of this important species. 
- Further studies are required for the efficient and management practices 
of A. senegal trees 
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Appendix (1) Questionnaire 
Gum Arabic belt change in Bara locality: (Causes and considerations 
for rehabilitation 
 
 
1. Village ……………………………………………………………. 
2. Sex ………………………………………………………………… 
3. Age………………………………………………………………… 
4. Family size ……………………………………………………….. 
5. Education level …………………………………………………… 
1. Illiterate (  ) 2. Khalwa  (  ) 3. Basic (  ) 4. secondary  ( )  
     5. University (  ) 6. Others (  ) 
6. Main occupation 
1. Agriculture ( ) 2. animal razing ( ) 3. Merchant ( ) 4. Employee ( ) 
5. Others (  ). 
7. Secondary occupation 
1. Agriculture ( ) 2. animal razing ( ) 3. Merchant ( ) 4. Employee ( ) 
5. Others (  ). 
8. What are the factors caused  hashab change in the area? 
1. Drought and desertification ( ) 2. Over grazing ( ) 3. Over cutting ( 
)  
4. Pests and insects (  ) 5. Fires (  ) 6. Others (  ). 
9. Why over cutting? 
1. Low gum prices ( ) 2. Building materials ( ) 3. Firewood (  )  
4. Charcoal ( ) 5. Need for Agricultural lands ( ) 6. Others ( ) specify. 
10. Which crops grown in place of hashab removed. 
1. Cash crops (  ) 2. Food crops ( ). 3. Both of them. 
11. Do you practice agro-forestry system?.  
1. Yes  (  ) 2. No (   ). 
12. If yes, what type of crops? 
 1. Sorghum ( ) 2. Sesame (  ) 3. Water melon ( ) 4. Roselle ( )  
5.  Millet (  ) 6. Others (  ) specify. 
13. Do you practice follow periods? 
     1. Yes  (  ) 2. No (   ). 
14. What are the most harmful animals for hashab? 
1. camel (  ) 2. Sheep ( )  3. Goat ( ) 4. Others (  ) specify. 
15. Is there fires hazard in the area? 
1. Yes  (  ) 2. No (   ). 
16. If yes, what factors behind ? 
1. Herders (  ) 2. Land clearance for agriculture ( ) 3. Passengers ( )  
4. Others (  ) specify 
17. What are the means of fire control? 
1. Fire lines (  ) 2. Herders manage (  ) 3. Others (  ) specify. 
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18.  What are the pests affecting hashab tree in the area ? 
1. Tree locust (  ) 2. Worms ( ) 3. Termites (  ) 4. Others (  ) specify. 
19. What are the consequence of drought and desertification on hashab 
tree?  
1. Death of old trees (  ) 2. Burry new seedlings (  ) 3. Burry seeds (  ) 
4. Others (  ) specify. 
20. What are tree species in the area before change ( last 4 decades )? 
…………………………………………………………………………
…………………………………………………………………………
…... 
21. Did hashab tree change in term of density and production  ( last 4 
decades )? 
1. Yes  (  ) 2. No (   ). 
22. If yes, what is the most devastating periods in the area? 
1. 1970s ( ) 2. 1980s ( ) 3. 1990s ( ) 4. 2000s (  ).   
23 How many mukhamas of hashab tree  have you before change ( last 
4 decades 
)?..................................................................................................... 
24. How many mukhamas of hashab tree  have you now 
days?.............. 
25. How many hashab tree/ Mukhamas before change ( last 4 decades 
)? 
26. How many hashab tree/ Mukhamas now days? 
27. How many quntar of gum/ Mukhamas before change (last 4 
decades). 
28. How many quntar of gum/ Mukhamas now days? 
29. Did crop production turn down? 
1. Yes (  ) 2. No (   ). 
30. If yes,  
Crop Production of mukhamas/sacks before 
change
Production of 
mukhamas/sacks now days
Sesame
Millet
Sorghum
Others
 
31. Is there any body rehabilitated gum Arabic belt in the area? 
1. Yes  (  ) 2. No (   ). 
32. If yes who did that? 
1. FNC ( ) 2. Organizations ( ) 3. Popular efforts (  ) 4. Others (  ) 
specify. 
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33. What are the activities of that bodies? 
Body/Activities seedlings Seeds Protection Extension Food 
supplies
Others
FNC
Organizations
Popular efforts
Others
 
34. What are the suitable methods of hashab rehabilitation in the area? 
1. Seedlings (  )  2. Seeds (  )  3. Seedlings and seeds ( ) 4. Natural 
regeneration (  ). 
35. Do you need any support for successful or rehabilitation process? 
1. Yes  (  ) 2. No (   ). 
36. If yes, what kind of support? 
1. Financial (  ) 2. food (  )  3. Others (  ) specify. 
37. Do local leader have a role in hashab protection? 
1. Yes (  ) 2. No (   ). 
38. If this role is enough? 
1. Yes  (  ) 2. No (   ). 
39. If no, how wanted to contribution in hashab protection? 
1. FNC (  )  2. Police (  ) 3. Others (  ) specify. 
40. what is your general recommendation? 
…………………………………………………………………………
…………………………………………………………………………
……   
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Appendix ( 2) ANOVA table of Acacia tortilis 
Source M.S F-value Pr
Total - -
Village 1853.6 99999.9 0.0001
Direction 4213.5 99999.9 0.0001
Error -
 
Appendix ( ) ANOVA table of Leptodenia pyrotechnica 
Source M.S F-value Pr
Total - -
Village 505.6 65.27 0.0001
Direction 1091.8 140.94 0.0001
Error - -
 
Appendix ( ) ANOVA table of Calotropis procera 
Source M.S F-value Pr
Total - -
Village 298.9 99999.9 0.0001
Direction 672.2 99999.9 0.0001
Error - -
 
Appendix ( ) ANOVA table of the total vegetation cover 
Source M.S F-value Pr
Total - -
Village 341.8 2.74 0.01
Direction 678.5 5.44 0.001
Error - -
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Appendix (3) Average Annual Rainfall in (mm) 
 
1941-50 1951-60 1961-70 1971-80
1981-87
Bara 241.4 276.2 239.0 255.0
177.1
Elobied 407.8 424.4 328.0 337.0
246.4
Um Rawaba 420.6 432.0 366.1 333.0
250.4
Er Rahad 393.8 448.0 464.0 415.5 250.6
 
Source: Booth, G. A (1989). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
